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(54) DRIVE LINKAGE FOR CLEANING SHOE

(57) A cleaning shoe for an agricultural machine in-
cludes a chaffer supported for movement relative to a
chassis, a sieve positioned below the chaffer and sup-
ported for movement relative to the chassis. The cleaning
shoe also includes a first link, a second link, and a drive
shaft. The first link includes a first end and a second end
coupled to the chaffer. The second link includes a first
end and a second end coupled to the sieve. The drive

shaft rotates about a shaft axis and includes a first cam
and a second cam. The first cam is coupled to the first
end of the first link, and the second cam is coupled to the
first end of the second link. Rotation of the drive shaft
drives the first link to reciprocate the chaffer and drives
the second link to reciprocate the sieve. The second cam
is angularly offset relative to the first cam by a phase
angle less than 180 degrees about the shaft axis.
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Description

Background

[0001] The present disclosure relates to agricultural
harvesting machines, and particularly to a cleaning shoe
for a combine harvester.
[0002] Conventional combine harvesters include a
header for cutting agricultural material and a feederhouse
for moving the material toward a threshing rotor. After
the material is broken by the threshing rotor, the material
passes to a separating mechanism that combs and sep-
arates grain from material other than grain. The grain
then passes from the separating mechanism to a clean-
ing shoe. The cleaning shoe may include a chaffer and
a sieve for further cleaning or separating the grain, par-
ticularly from lightweight chaff.

Summary

[0003] In one aspect, a cleaning shoe is provided for
an agricultural machine. The agricultural machine in-
cludes a chassis and a header for harvesting agricultural
material. The cleaning shoe includes a chaffer, a sieve,
a first link, a second link, and a drive shaft. The chaffer
is configured to be supported for movement relative to
the chassis. The sieve is positioned below at least a por-
tion of the chaffer, and the sieve is configured to be sup-
ported for movement relative to the chassis. The first link
includes a first end and a second end coupled to the
chaffer. The second link includes a first end and a second
end coupled to the sieve. The drive shaft is driven to
rotate about a shaft axis. The drive shaft includes a first
cam and a second cam. The first cam is coupled to the
first end of the first link, and the second cam is coupled
to the first end of the second link. The rotation of the drive
shaft drives the first link to reciprocate the chaffer and
drives the second link to reciprocate the sieve. The sec-
ond cam is angularly offset relative to the first cam by a
phase angle less than 180 degrees about the shaft axis.
[0004] In another aspect, an agricultural harvesting
machine includes a chassis, a header for cutting and
gathering agricultural material, a rotor for breaking the
agricultural material, and a cleaning shoe. The cleaning
shoe includes a chaffer, a sieve, a first link, a second link,
a first cam, and a second cam. The chaffer is supported
for movement relative to the chassis. The sieve is posi-
tioned below at least a portion of the chaffer, and the
sieve is supported for movement relative to the chassis.
The first link includes a first end and a second end cou-
pled to the chaffer. The second link includes a first end
and a second end coupled to the sieve. The first cam
rotates about a first axis and is coupled to the first end
of the first link. The rotation of the first cam drives the
first link to reciprocate the chaffer. The second cam is
coupled to the first end of the second link. The rotation
of the second cam drives the second link to reciprocate
the sieve, and the second cam is angularly offset relative

to the first cam by a phase angle less than 180 degrees
about the first axis.
[0005] In yet another aspect, a cleaning shoe is pro-
vided for an agricultural machine. The agricultural ma-
chine includes a chassis and a header for harvesting ag-
ricultural material. The cleaning shoe includes a chaffer,
a sieve, a first link, a second link, and a drive shaft. The
chaffer is configured to be supported for movement rel-
ative to the chassis. The sieve is positioned below at least
a portion of the chaffer, and the sieve configured to be
supported for movement relative to the chassis. The first
link includes a first end and a second end coupled to the
chaffer. The second link includes a first end and a second
end coupled to the sieve. The drive shaft is driven to
rotate about a shaft axis. The drive shaft is coupled to
the first end of the first link and the first end of the second
link. The rotation of the drive shaft drives the first link to
move eccentrically about the shaft axis and reciprocate
the chaffer, and the rotation of the drive shaft drives the
second link to move eccentrically about the shaft axis
and reciprocate the sieve. The eccentric movement of
the second link is out of phase with the eccentric move-
ment of the first link by a phase angle less than 180 de-
grees about the shaft axis.
[0006] Other aspects will become apparent by consid-
eration of the detailed description and accompanying
drawings.

Brief Description of the Drawings

[0007]

FIG. 1 is a side view of a harvester.
FIG. 2 is a perspective view of a threshing mecha-

nism, a separating mechanism, and a clean-
ing shoe.

FIG. 3 is a perspective view of a cleaning shoe.
FIG. 4 is a side view of the cleaning shoe of FIG. 3.
FIG. 5 is an exploded view of a drive mechanism for

the cleaning shoe of FIG. 3.
FIG. 6 is a side view of the drive mechanism of FIG.

5 in a first position.
FIG. 7 is a side view of the drive mechanism of FIG.

5 in a second position.
FIG. 8 is a perspective view of a drive shaft, a chaffer

cam, and a sieve cam.
FIG. 9 is an end view of the drive shaft, the chaffer

cam, and the sieve cam as shown in FIG. 8.
FIG. 10 is a side view of a sieve cam according to

another embodiment.

Detailed Description

[0008] Before any embodiments of the disclosure are
explained in detail, it is to be understood that the disclo-
sure is not limited in its application to the details of con-
struction and the arrangement of components set forth
in the following description or illustrated in the following

1 2 
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drawings. The disclosure is capable of supporting other
embodiments and of being practiced or of being carried
out in various ways. Also, it is to be understood that the
phraseology and terminology used herein is for the pur-
pose of description and should not be regarded as limit-
ing.
[0009] FIG. 1 illustrates a combine harvester 10 includ-
ing a vehicle chassis or frame 14, a feeder throat or feed-
erhouse 18, and a harvester header 22 for cutting and
gathering crop plants (not shown). The frame 14 includes
an operator cab 26 and traction elements 30 (e.g.,
wheels) for supporting and moving the vehicle frame 14
with respect to the ground. The frame 14 includes a first
or forward end 38 and a second or rear end 42, and a
chassis axis or frame axis 46 extends between the for-
ward end 38 and the rear end 42. The feederhouse 18
is supported on the forward end 38 of the frame 14 and
may be pivoted relative to the vehicle frame 14 by an
actuator 50 (e.g., a fluid cylinder).
[0010] The header 22 is supported by the feederhouse
18 and extends transversely to the frame 14. As used
herein, "transverse" generally refers to an orientation that
is perpendicular to the frame axis 14 of the harvester 10
and that extends laterally between a first side of the har-
vester 10 and a second side of the harvester 10.
[0011] In the illustrated embodiment, the header 22 is
a draper including a cutting bar 54 and rotating drum 58;
in other embodiments, the header 22 may include anoth-
er type of implement depending on the type of crop to be
harvested. After the crop is cut by the cutting bar 54 and
gathered on the header 22, it is moved along the feed-
erhouse 18 by an elevator 62 (e.g., a conveyor) toward
a threshing mechanism 70 supported on the frame 14.
[0012] FIG. 2 illustrates the threshing mechanism 70,
a separating mechanism 74, and a cleaning shoe 78
which are supported in an internal chamber on the frame
14. The threshing mechanism 70 includes a rotor 82 for
breaking apart the crop plants. In the illustrated embod-
iment, the rotor 82 rotates about a rotor axis 86 oriented
transverse to the frame axis 14 (FIG. 1).
[0013] After being broken apart, the crop material or
crop mat passes to the separating mechanism 74. The
separating mechanism 74 includes a rotating cylinder 90.
The cylinder 90 rotates about a cylinder axis 94 that is
oriented generally parallel to the frame axis 14 (FIG. 1)
and perpendicular to the rotor axis 86. In the illustrated
embodiment, the cylinder 90 includes fingers or tines 98
that engage and comb the crop material, separating the
crop elements. The tines 98 may be positioned in a helical
manner along an outer surface of the cylinder 90. In some
embodiments, the separating mechanism 74 may in-
clude multiple rotating cylinders 90 positioned parallel to
one another, and the cylinders 90 may be configured in
a counter-rotating manner. In other embodiments, the
separating mechanism may be constructed in a different
manner.
[0014] As the grain is separated from material other
than grain, the grain falls into the cleaning shoe 78. The

grain that passes through the cleaning shoe 78 falls into
a collector 106 positioned below the cleaning shoe 78.
In the illustrated embodiment, the collector 106 includes
transverse augers 110 for moving the grain toward an
elevator (not shown) on a side of the harvester 10, which
then conveys the grain to a grain tank (not shown). In the
illustrated embodiment, a fan 114 provides air flow
throughout the cleaning shoe 78 to further separate chaff
from the grain. The speed of the fan 114 and the air flow
can be adjusted depending on the type of grain that is
harvested.
[0015] As shown in FIG. 3, the cleaning shoe 78 in-
cludes a chaffer 122, a return pan 126, and a sieve 130.
The chaffer 122 includes a first end 138 positioned prox-
imate the rotor 82 (FIG. 2) and a second end 142 posi-
tioned away from the rotor 82. The chaffer 122 is posi-
tioned below a portion of the cylinder 90 (FIG. 2). In the
illustrated embodiment, the harvester 10 also includes
conveyor augers 146 positioned beneath a forward por-
tion of the rotating cylinder 90. Grain that is separated
by the forward portion of the cylinder 90 falls into troughs
150, where the augers 146 convey the grain to the first
end 138 of the chaffer 122. As discussed in further detail
below, the chaffer 122 reciprocates, thereby causing
chaff on the chaffer 122 to move toward the second end
142.
[0016] The return pan 126 is positioned above a portion
of the chaffer 122 proximate the second end 142. The
return pan 126 is also supported for reciprocating move-
ment, and is linked to the chaffer 122 by a connecting
arm 154. The return pan 126 collects grain from a rear
portion of the cylinder 90 (FIG. 2) and deposits it onto
the first end 138 of the chaffer 122.
[0017] Referring to FIG. 4, the sieve 130 is positioned
below the chaffer 122. The sieve 130 reciprocates inde-
pendently of the chaffer 122. The chaffer 122 and the
sieve 130 each include louvers or slots (not shown)
through which grain passes. The slots can be selectively
opened and closed depending on the type and size of
grain that is being harvested. The grain passing through
the slots falls into the collector 146 (FIG. 2).
[0018] As shown in FIGS. 4 and 5, the shoe 78 further
includes a drive system 162 for reciprocating the chaffer
122 and sieve 130. The drive system 162 includes a drive
shaft 166, a first link or chaffer link 170, and a second
link or sieve link 174. The drive shaft 166 rotates about
a shaft axis 178 (FIG. 5). In the illustrated embodiment,
the drive system 162 also includes a pulley or sheave
182 coupled to the drive shaft 166 and a belt 186 (FIG.
4) wrapped around a portion of the sheave 182. The belt
186 may be driven by a motor (not shown) to rotate the
sheave 182 and the shaft 166. In other embodiments,
another type of drive system may be used. In one em-
bodiment, the sheave 182 acts as an inertial damper or
flywheel.
[0019] As shown in FIG. 5, the drive system 162 also
includes a first cam or chaffer cam 194 eccentrically cou-
pled to the shaft 166 and a second cam or sieve cam 198
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eccentrically coupled to the shaft 166. In the illustrated
embodiment, each cam 194, 198 is secured against ro-
tation relative to the shaft 162 by a key 200 formed on
the shaft 162. The chaffer link 170 includes a first end
202 coupled to the chaffer cam 194 and a second end
206 coupled to the connecting arm 154, which is in turn
coupled to the return pan 126 and the chaffer 122 (FIG.
4). The sieve link 174 includes a first end 210 coupled to
the sieve cam 198 and a second end 214 coupled to the
sieve 130 (FIG. 4). In the illustrated embodiment, the
chaffer link 170 and sieve link 174 are each formed as
Pitman arms. The first ends 202, 210 each include flang-
es 218 that extend around the respective cams 194, 198.
Although one side of the drive system 162 is shown in
FIGS. 4 and 5, it is understood that another chaffer link
170, another sieve link 174, similar cams 194, 198, and/or
an additional sheave/flywheel may be provided on the
opposite end of the drive shaft 166.
[0020] FIGS. 6 and 7 illustrate the cams 194, 198 and
the links 170, 174 at different positions during rotation of
the drive shaft 166. As the drive shaft 166 rotates, the
rotation of the chaffer cam 194 causes the chaffer link
170 to reciprocate relative to the drive shaft 166, which
in turn reciprocates the chaffer 122 (FIG. 4). In the illus-
trated embodiment, the return pan 126 is coupled to the
chaffer 122 by the connecting arm 154 and reciprocates
with the chaffer 122. Similarly, the sieve cam 198 causes
the sieve link 174 to reciprocate relative to the drive shaft
166, thereby reciprocating the sieve 130 (FIG. 4). In other
embodiments, the drive system 162 may include a dif-
ferent mechanism (i.e., other than a cam) for eccentrically
driving the first ends 202, 210 of the chaffer link 170 and
the sieve link 174 about the shaft axis 178.
[0021] As shown in FIGS. 8 and 9, the chaffer cam 194
and the sieve cam 198 are angularly offset from one an-
other with respect to the shaft axis 178 by a phase angle
230 (FIG. 9). Stated another way, as shown in FIG. 9, a
first reference line 238 extends between the shaft axis
178 and a point on the chaffer cam 194 that is furthest
from the shaft axis 178, and a second reference line 242
extends between the shaft axis 178 and a point on the
sieve cam 198 that is furthest from the shaft axis 198.
The phase angle 230 is defined as the angle between
the first reference line 238 and the second reference line
242. The phase angle 230 provides a phase difference
between the reciprocation of the chaffer link 170 and the
reciprocation of the sieve link 174. The motions of the
chaffer link 170 and the sieve link 174 are out of phase
relative to each other, thereby causing the motions of the
chaffer 122 and the sieve 130 (FIG. 4) to be out of phase
relative to one another.
[0022] In one embodiment, the phase angle 230 (i.e.,
the phase difference between the reciprocation of the
chaffer link 170 and the reciprocation of the sieve link
174) is less than 180 degrees. In another embodiment,
the phase angle 230 is less than 170 degrees. In another
embodiment, the phase angle 230 is less than 160 de-
grees. In another embodiment, the phase angle 230 is

less than 150 degrees. In another embodiment, the
phase angle 230 is less than 140 degrees. In another
embodiment, the phase angle 230 is less than 130 de-
grees. In another embodiment, the phase angle 230 is
less than 120 degrees. In another embodiment, the
phase angle 230 is less than 110 degrees. In another
embodiment, the phase angle 230 is less than 100 de-
grees. In another embodiment, the phase angle 230 is
less than 90 degrees. In another embodiment, the phase
angle 230 is less than 80 degrees. In another embodi-
ment, the phase angle 230 is less than 70 degrees. In
another embodiment, the phase angle 230 is less than
60 degrees. In another embodiment, the phase angle
230 is less than 50 degrees. In another embodiment, the
phase angle 230 is less than 40 degrees. In another em-
bodiment, the phase angle 230 is less than 30 degrees.
In another embodiment, the phase angle 230 is less than
20 degrees. In another embodiment, the phase angle
230 is less than 10 degrees.
[0023] In another embodiment, the phase angle 230 is
between about 180 degrees and about 90 degrees. In
another embodiment, the phase angle 230 is between
about 170 degrees and about 90 degrees. In another
embodiment, the phase angle 230 is between about 160
degrees and about 90 degrees. In another embodiment,
the phase angle 230 is between about 150 degrees and
about 90 degrees. In another embodiment, the phase
angle 230 is between about 140 degrees and about 90
degrees. In another embodiment, the phase angle 230
is between about 130 degrees and about 90 degrees. In
another embodiment, the phase angle 230 is between
about 120 degrees and about 90 degrees. In another
embodiment, the phase angle 230 is between about 110
degrees and about 90 degrees. In another embodiment,
the phase angle 230 is between about 100 degrees and
about 90 degrees.
[0024] In another embodiment, the phase angle 230 is
between about 180 degrees and about 100 degrees. In
another embodiment, the phase angle 230 is between
about 180 degrees and about 110 degrees. In another
embodiment, the phase angle 230 is between about 180
degrees and about 120 degrees. In another embodiment,
the phase angle 230 is between about 180 degrees and
about 130 degrees. In another embodiment, the phase
angle 230 is between about 180 degrees and about 140
degrees. In another embodiment, the phase angle 230
is between about 180 degrees and about 150 degrees.
In another embodiment, the phase angle 230 is between
about 180 degrees and about 160 degrees. In another
embodiment, the phase angle 230 is between about 180
degrees and about 170 degrees.
[0025] In one embodiment, the phase angle 230 is ap-
proximately 108 degrees. By offsetting the cams 194,
198 and configuring the links 170, 174 to reciprocate out
of phase with one another, the forces and vibrations
transmitted through the links 170, 174 cancel each other
out to a significant extent. In addition, the variations in
loads and speeds can be reduced to a significant extent.
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In one embodiment, a drive shaft 166 including cams
194, 198 having a phase angle 230 of approximately 108
degrees experiences a variation in drive shaft speed of
approximately 30 rpm. A variation in the displacement of
the belt 186 driving the drive shaft 166 is approximately
3.25 mm, and a variation in the power required to drive
the shaft 166 is approximately 5.6 kW. For purposes of
comparison, these results are reviewed against a con-
ventional cleaning shoe including a drive shaft with cams
having a phase angle of approximately 180 degrees. In
one embodiment, the conventional drive shaft experi-
enced a variation between its minimum and maximum
rotational speed of approximately 59 rpm. In addition, the
belt of the conventional drive shaft experienced a varia-
tion in its belt displacement of approximately 8.3 mm,
and the variation in the power required to drive the shaft
was approximately 8 kW. A drive system 162 including
cams 194, 198 defining a phase angle 230 less than 180
degrees significantly reduces the variation in the shaft
speed, belt displacement, and power requirement.
[0026] The masses that are driven by the chaffer link
170 (e.g., the chaffer 122 and the return pan 126) may
be different from the masses that are driven by the sieve
link 174 (e.g., the sieve 130). In addition, the stroke and
path of movement for each driven element may be dif-
ferent. Due to these differences, the force and speed
variations exerted on each link 174, 178 are unequal.
Conventional cleaning shoe designs may attempt to
smooth these variations by including a flywheel coupled
to the drive shaft or by providing a hydraulic motor for
driving the drive shaft. However, these solutions add sig-
nificant weight to the cleaning shoe and the harvester in
general. By timing the reciprocation of each link 174, 178
at a phase angle 230 less than 180 degrees, the drive
system 162 can minimize the effects of differences in
mass, stroke, and movement of the chaffer link 170 and
the sieve link 174. In addition, this timing relationship may
reduce the load and speed variations experienced by the
chaffer 122, the sieve 130, the drive shaft 166, and the
components that rotate the drive shaft 166 (e.g., the belt
186) without adding significant weight. This provides a
smoother and more efficient operation, reducing wear on
these components and extending their working lives.
[0027] FIG. 10 illustrates another embodiment of the
sieve cam 598. The sieve cam 598 includes an internal
spline surface 604 with multiple key slots 608. Each key
slot 608 may be sized to receive a corresponding key
200 (FIGS. 5 and 8) formed on the drive shaft 166. The
sieve cam 598 can be coupled to the drive shaft 166 in
multiple positions about the shaft axis 178, thereby
changing the phase angle 230 (FIG. 9) between the sieve
cam 598 and the chaffer cam 194. This allows an operator
to adjust the timing relationship between the reciprocat-
ing motion of the components of the cleaning shoe 78
for a specific application. In other embodiments, the chaf-
fer cam 194 may be formed with multiple key slots either
instead of or in addition to the sieve cam 598.
[0028] Although certain aspects have been described

in detail with reference to certain preferred embodiments,
variations and modifications exist within the scope and
spirit of one or more independent aspects as described.
Various features and advantages are set forth in the fol-
lowing claims.

Claims

1. A cleaning shoe for an agricultural machine, the ag-
ricultural machine including a chassis and a header
for harvesting agricultural material, the cleaning
shoe comprising:

a chaffer configured to be supported for move-
ment relative to the chassis;
a sieve positioned below at least a portion of the
chaffer, the sieve configured to be supported for
movement relative to the chassis;
a first link including a first end and a second end
coupled to the chaffer;
a second link including a first end and a second
end coupled to the sieve; and
a drive shaft driven to rotate about a shaft axis,
the drive shaft including a first cam and a second
cam, the first cam coupled to the first end of the
first link, the second cam coupled to the first end
of the second link, the rotation of the drive shaft
driving the first link to reciprocate the chaffer and
driving the second link to reciprocate the sieve,
the second cam angularly offset relative to the
first cam by a phase angle less than 180 degrees
about the shaft axis.

2. The cleaning shoe of claim 1, wherein the first link
is a Pitman arm and the second link is a Pitman arm.

3. The cleaning shoe of claim 1, further comprising a
sheave coupled to the drive shaft and a belt wrapped
around at least a portion of the sheave, wherein the
sheave and the drive shaft are driven to rotate by
the belt.

4. The cleaning shoe of claim 1, wherein the drive shaft
includes a key and at least one of the first cam and
the second cam includes a plurality of slots, the key
being selectively positioned in one of the plurality of
slots to secure the at least one cam against rotation
relative to the drive shaft.

5. The cleaning shoe of claim 1, wherein the phase
angle is between approximately 160 degrees and
approximately 100 degrees.

6. The cleaning shoe of claim 1, wherein the phase
angle is less than 170 degrees.

7. The cleaning shoe of claim 6, wherein the phase
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angle is less than 110 degrees.

8. The cleaning shoe of claim 7, wherein the phase
angle is approximately 108 degrees.

9. An agricultural harvesting machine comprising:

a chassis;
a header for cutting and gathering agricultural
material;
a rotor for breaking the agricultural material; and
a cleaning shoe according to one of claims 1 to 8.

9 10 
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